Objective: To investigate the expressions of plasma cystatin C (Cys-C), D-dimer (D-D) and hypersensitive C-reactive protein (hs-CRP) in patients with intracranial progressive hemorrhagic injury (IPHI) after craniocerebral injury, and their clinical significance. Methods: Fortytwo IPHI patients and 20 healthy participants (control) were enrolled. The severity and outcome of IPHI were determined according to the Glasgow Coma Scale and Glasgow Outcome Scale, and the plasma Cys-C, hs-CRP and D-D levels were measured. Results: The plasma Cys-C, D-D and hs-CRP levels in the IPHI group were significantly higher than those in the control group (p < 0.01). There were significant differences of plasma Cys-C, D-D and hs-CRP levels among different IPHI patients according to the Glasgow Coma Scale and according to the Glasgow Outcome Scale (all p < 0.05). In the IPHI patients, the plasma Cys-C, D-D and hs-CRP levels were positively correlated with each other (p < 0.001). Conclusion: The increase of plasma Cys-C, D-D and hs-CRP levels may be involved in IPHI after craniocerebral injury. The early detection of these indexes may help to understand the severity and outcome of IPHI.
With the development of transportation and construction industries, the incidence, disability rate and mortality from craniocerebral injury are increasing year by year 1, 2 . A craniocerebral injury is often complicated by various hemorrhagic disorders. An intracranial progressive hemorrhagic injury (IPHI) is an intracranial hemorrhage after craniocerebral injury. It refers to a hemorrhagic focus that is more severe than the primary bleeding site or new bleeding site confirmed by imaging or surgical examination 3 . An IPHI is one of the most common complications of craniocerebral injury 4, 5 . Cystatin C (Cys-C) exists in all body fluids and is involved in the damage and repair of neuronal tissues in the brain 6 . D-dimer (D-D) is a specific degradation product of fibrin monomer by fibrinolysis. It has high sensitivity and reliability for the fibrinolysis function 7 . Hypersensitive C-reactive protein (hs-CRP) can effectively and accurately respond to the low-level inflammation reaction, and is one of the most important predictors of cardiovascular risk 8 . This study investigated the expressions of plasma Cys-C, D-D and hs-CRP in patients with IPHI after craniocerebral injury, and analyzed their significances for the severity and outcome of IPHI. The objective was to provide a basis for the diagnosis and treatment of IPHI.
METHODS

Participants
Forty-two IPHI patients treated in the Department of Neurosurgery, Wuhan General Hospital of Guangzhou Military Region from July 2012 to January 2016 were enrolled in this study. In the same period, 20 healthy participants undergoing a physical examination in our hospital were selected as controls. This study was conducted in accordance with the Declaration of Helsinki, and was approved by the ethics committee of Wuhan General Hospital of Guangzhou Military Region. Written informed consent was obtained from all participants or their family members.
Inclusion and exclusion criteria
Inclusion criteria were as follows: i) the patients were confirmed as having craniocerebral injury combined with IPHI by craniocerebral computed tomography (CT) (i.e. there was a new hematoma shown in the second CT compared with the first CT, or the volume of the existing hematoma shown in the second CT had increased significantly (≥ 25%) compared with the first CT 5, 9 ); ii) there was no severe injury of other tissues; iii) there was no damage in the hematological system; iv) there was no history of infectious diseases within three months prior to the craniocerebral injury. The exclusion criteria were as follows: i) concomitant severe heart, liver or kidney disease; ii) a history of mental illness; iii) presence of other chronic diseases; iv) the patients had a single craniocerebral injury or single IPHI.
Determination of degree of coma level and outcome of IPHI patients
The coma level of IPHI patients was determined according to the Glasgow Coma Scale as follows: 15 points = normal; 13-14 points = mild coma; 9-12 points = moderate coma; 3-8 points = severe coma. The outcome of IPHI patients was determined according to the Glasgow Outcome Scale as follows: 5 points = excellent outcome; 4 points = good outcome; 1-3 points = poor outcome.
Detection of plasma Cys-C, D-D and hs-CRP levels
The fasting peripheral venous blood (5 ml) was taken from the IPHI patients on the morning of the day of diagnosis of intracranial hemorrhagic injuries or at the follow-up; and was taken from the healthy participants on the morning of the day of their physical examination. The plasma Cys-C and hs-CRP levels were detected using particle enhanced transmitted immunoturbidimetry 10, 11 . The plasma D-D level was detected using emulsion immunoturbidimetry 12 . The procedures were performed in accordance with the kit manufacturer's instructions (Sigma-Aldrich Corp., MO, USA).
Statistical analysis
All statistical analyses were carried out using SPSS20.0 software (SPSS Inc., Chicago, IL, USA). The enumeration data were presented as number and rate, and were compared using the χ 2 test. The measurement data were presented as mean ± standard deviation. The comparison between two groups was performed using the t-test, and comparison among three groups was performed using one-way analysis of variance with the least significant difference post-hoc test. The correlation of continuous variables was investigated using Pearson's correlation analysis. Values of p < 0.05 and p < 0.01 were considered as statistically significant and highly statistically significant, respectively.
RESULTS
General characteristics of participants in two groups
Of the 42 IPHI patients, there were 23 (54.76%) males and 19 (45.24%) females. The age of patients was 8-64 years, with a mean age of 41.45 ± 8.23 years. There were 2 (4.76%) patients with a history of disease. Of the 20 healthy participants, there were 11 (43.33%) males and 9 (56.67%) females. Their ages were 10-69 years, with a mean age of 38.05 ± 9.21 years. There was 1 (5.00%) individual with a history of disease. There were no significant differences in age, gender or history of disease between the two groups (p > 0.05) ( Table 1) .
Classification of IPHI patients
Of the 42 IPHI patients, there were 10 (23.81%) injuries due to a high fall, 10 (23.81%) injuries due to sport impact, and 22 (52.38%) injuries due to a motor vehicle collision. According to the Glasgow Coma Scale, there were 10 (23.81%) mild coma, 22 (52.38%) moderate coma and 10 (23.81%) patients in a severe coma. According to the Glasgow Outcome Scale, there were 11 (26.19%) patients with an excellent outcome, 21 (50.00%) patients with a good outcome and 10 (23.81%) patients with a poor outcome.
Comparison of plasma Cys-C, D-D and hs-CRP levels between IPHI and control groups
As shown in Table 2 , the plasma Cys-C, D-D and hs-CRP levels in IPHI group were 1.48 ± 0.17 mg/L, 5.34 ± 1.35 mg/L and 30.02 ± 8.18 mg/L, respectively, which were significantly higher than 1.01 ± 0.16 mg/L, 1.37 ± 0.33 mg/L and 3.93 ± 0.87 mg/L in the control group, respectively (p < 0.01). Table 3 shows that the plasma Cys-C, D-D and hs-CRP levels in IPHI patients with a mild coma were 1.37 ± 0.13 mg/L, 4.63 ± 1.14 mg/L and 23.94 ± 9.21 mg/L, respectively; levels in IPHI patients with a moderate coma were 1.47 ± 0.18 mg/L, 5.30 ± 1.30 mg/L and 29.94 ± 7.34 mg/L, respectively; and those for IPHI patients with a severe coma were 1.60 ± 0.15 mg/L, 6.13 ± 1.34 and 36.27 ± 2.92 mg/L, respectively. There was a significant difference of each index among the three subgroups (p < 0.05). In addition, the post-hoc comparison showed that the plasma Cys-C and hs-CRP levels in the severe coma subgroup were significantly higher than those in the mild coma and moderate coma subgroups, respectively (p < 0.05), and the plasma D-D level in the severe coma subgroup was significantly higher than that in the mild coma subgroup (p < 0.05).
Comparison of plasma Cys-C, D-D and hs-CRP levels among IPHI patients with different coma levels
Comparison of plasma Cys-C, D-D and hs-CRP levels among IPHI patients with different outcomes
As shown in Table 4 , the plasma Cys-C, D-D and hs-CRP levels in IPHI patients with an excellent outcome were 1.39 ± 0.15 mg/L, 4.63 ± 1.11 mg/L and 27.23 ± 8.16 mg/L, respectively; those in IPHI patients with a good outcome were 1.47 ± 0.17 mg/L, 5.23 ± 1.34 mg/L and 28.85 ± 8.56 mg/L, respectively; and those in IPHI patients with a poor outcome were 1.58 ± 0.16 mg/L, 6.33 ± 1.07 mg/L and 35.54 ± 4.65 mg/L, respectively. There was a significant difference of each index among the three subgroups (p < 0.05). The post-hoc comparison showed that the plasma Cys-C level in the poor outcome subgroup was significantly higher than that in the excellent outcome subgroup (p < 0.05); and the plasma D-D and hs-CRP levels in the poor outcome subgroup were significantly higher than those in the excellent and good outcome subgroups, respectively (p < 0.05).
Correlation of plasma Cys-C, D-D and hs-CRP levels in IPHI patients
Pearson's correlation analysis showed that, in IPHI patients, the plasma Cys-C and D-D levels; Cys-C and hs-CRP levels; and D-D and hs-CRP levels were positively correlated, respectively (Cys-C with D-D: r = 0.835, p < 0.001; Cys-C with hs-CRP: r = 0.836, p < 0.001; D-D with hs-CRP: r = 0.652, p < 0.001) ( Table 5 ).
DISCUSSION
Intracranial progressive hemorrhagic injury is one of the major causes of disability and death in patients with craniocerebral injury. It can lead to aggravation of the patient's condition and has a close relationship with the prognosis of the patient. Therefore, the early and accurate diagnosis of IPHI may help to evaluate the risk to patients and formulate an individualized treatment scheme. The specific mechanisms of IPHI are unclear. There are several controversial theories including the systemic hypoxia theory 13 , vascular dysregulation theory 14 , coagulation disorder theory 15 and protection mechanism theory 5 . This study investigated the expressions of plasma Cys-C, D-D and hs-CRP in patients with IPHI after craniocerebral injury and their significance for the severity and outcome of IPHI, so as to provide a reference for the clinical prediction of IPHI.
Cystatin C, also known as the cysteine protease inhibitor C, is a kind of alkaline secretory protein with a relatively small molecular weight. The main function of Cys-C is to combine the cysteine proteases and inhibit their activities, especially for the cathepsin in lysosome, thus adjusting the intracellular and extracellular protein hydrolysis level 16 . Cystatin C is one of the known widely-distributed cathepsin inhibitors. It can strongly inhibit cathepsin B, H, K, L and S in human lysozyme, and regulate the degree of proteolysis in cells 17 . Cystatin C participates in and regulates many physiological and pathological processes including cell proliferation, inflammatory response, antiviral reaction, anti-bacterial reaction, tumor metastasis and bone matrix reabsorption 18 . It has been found that the increase of Cys-C concentration has a strong independent correlation with secondary cardiovascular events. 19 The results of this study showed that the plasma Cys-C level in IPHI patients was significantly higher than in the control group (p < 0.01). With the aggravation of the degree of coma and worsening of outcome, the plasma Cys-C level had increased. This suggests that the plasma Cys-C level may be related to the severity and outcome of IPHI.
The D-D is a specific fibrinolytic marker, and its level is significantly increased in early-stage acute craniocerebral injury. Brain trauma patients with a high D-D level often have a poor prognosis 20 . The increase of D-D concentration indicates the coagulation dysfunction combined with hyperfibrinolysis. In this condition, the body is in a bleeding state, and the cranial CT shows enlargement and progress of the intracranial hematoma. Therefore, the higher D-D concentration indicates a more serious bleeding tendency and greater possibility of a delayed intracranial hematoma. When the D-D level is higher than a normal concentration, an IPHI will occur more easily 21 . The results of this study showed that the plasma D-D level in IPHI patients was significantly higher than in the control group (p < 0.01), and it increased with the aggravation of the degree of coma and worsening of the outcome of IPHI. This indicates that the D-D is involved in the occurrence and development of IPHI.
The Hs-CRP is currently one of the most valuable acutephase reaction proteins. The increase of the hs-CRP level indicates the occurrence of inflammatory events
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. The Hs-CRP is an important sign of inflammation, infection, tissue injury, necrosis and malignant tumor. It plays an increasingly important role in the diagnosis and prediction of coronary heart disease, cerebral infarction and peripheral vascular embolism, and it is even considered the gold standard for the risk assessment of cardiovascular and cerebrovascular diseases 23 . It has been found that the detection of plasma hs-CRP levels could predict the occurrence and progress of IPHI, which has great significance for the prognosis of patients 24 . In this study, the plasma hs-CRP level in IPHI patients was significantly higher than that in the control group (p < 0.01), and it also increased with the worsening of the coma level and of the outcome of IPHI. This indicates that hs-CRP is also an important indicator for IPHI.
There are certain correlations between plasma Cys-C, D-D and hs-CRP in the body. Dai et al. 25 found that, in patients with nephrotic syndrome, the plasma Cys-C level was positively correlated with the plasma D-D level (p < 0.05). Zhang Table 4 . Comparison of plasma Cys-C, D-D and hs-CRP levels among IPHI patients with different outcomes. et al. 26 found that the plasma Cys-C and hs-CRP levels were positively correlated in acute cerebral infarction patients complicated by multiple organ dysfunction syndrome (p < 0.05). In the study by Meng et al.
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, the plasma D-D level was positively correlated with the plasma hs-CRP level in patients with cerebral infarction (p < 0.05). The results of the present study showed that, in IPHI patients, the plasma Cys-C, D-D and hs-CRP levels were positively correlated with each other (p < 0.001). This is consistent with the above results.
In conclusion, the increases of plasma Cys-C, D-D and hs-CRP levels may be involved in the occurrence and development of IPHI after craniocerebral injury. The early detection of these indexes may have important significance in the diagnosis of IPHI after craniocerebral injury. This may encourage doctors to formulate and implement individualized treatment schemes in a timely manner. This study still has some limitations. Firstly, the sample size of this study was relatively small, which may lead to a bias in the selected population. In future studies, the sample size should be enlarged to obtain more convincing results. Secondly, multiple factors are related to the elevation of plasma Cys-C, D-D and hs-CRP levels, which may affect the results. In future studies, other factors related to the elevation of these makers should be investigated.
